Extracts from several species and varieties of ungerminated cotton seeds plus homogenates from 18 other oilseeds (representing 11 different families) were examined for malate synthase and isocitrate lyase activity. Malate synthase activities in the various cotton seeds ranged from 35 to 129% of the units per dry seed weight found in Deltapine 16 cotton. For other oilseeds, the range was from 0.3 to 58% of Deltapine 16 cotton. Castor bean (Ricinus communis L.) had the least activity per mg dry weight (12-fold lower than the next lowest species), while Pima cotton (Gossypium barbadense L.) had the highest level (8.53 units). On a per seed basis, these values were 15 and 747 nanomoles per minute.
It has been generalized that the glyoxylate cycle enzymes are absent or have negligible activities in storage tissues of ungerminated oilseeds (14, 17) . Most studies, however, have been done using ICL3 as a marker enzyme for glyoxylate cycle activity.
Choinski and Trelease (1) recently reported that considerable MS and catalase activity developed during maturation of cotton embryos, and both enzymes from embryos harvested 50 DAA cosedimented in the microbody region of a sucrose gradient. ICL activity was not detectable at any time period during cotton embryo maturation (1, 6) , nor was it found in extracts from ungerminated seeds. This apparent anomaly in cotton seeds, i.e. the uncoordinated synthesis of MS and ICL resulting in the presence of MS without ICL in dry seeds, prompted us to examine other ungerminated oilseeds for glyoxylate cycle enzyme activity. The results show that although ICL activity is absent from the desiccated storage tissues, authentic MS activity is universally present.
MATERIALS AND METHODS
All seed batches were tested for viability, and only those which ' Supported by National Science Foundation Grant PCM74-01442, A04. (9) . One unit is the amount of enzyme which releases 1 nmol/min of free CoA.
All data presented are the mean of four replicate experiments, with enzyme assays done in duplicate for each of the replicates. Table I shows the results of assays for MS activity in seed homogenates of several species, varieties, and cultivars of cotton. All seeds had relatively high activities ranging from 35 to 129% of the activity (mg dry seed weight-1) reported from Gossypium hirsutum, cv. Deltapine 16 (1) . None of the seed homogenates had any detectable ICL activity. The range of dry seed MS on a dry weight basis was from 8.53 units/mg dry weight (Pima cotton) to 0.02 units/mg dry weight (castor bean). The wide range of dry seed MS activity within a single family is shown in the Cucurbitaceae: muskmelon had high activity (mg dry weight-'), cucumber and watermelon had medium activity, and pumpkin and buffalo gourd had low activity relative to cotton (Table II) . We could not discern any particular pattern relative to the magnitude of dry seed MS activity. Tetraploid cottons tended to have relatively higher levels of MS than diploids, but the relationship was not absolute. Among the other oilseeds there was no apparent correlation between MS activity and seed size, or relative oil content (16) . Storage of cotton seeds at room temperature had little effect on the MS activity. Only a slight decrease in activity per seed was noted from 50 to 90 DAA, and no changes were noted in dry seeds kept in the laboratory for at least 1 year thereafter.
RESULTS
The lack of ICL activity in dry seeds may have been due to ICL inhibitor(s) such as those recently reported to occur in higher plant tissues (4, 12, 13) . Several tests were run to investigate this possibility in dry cotton seeds (Deltapine 61). Grinding the tissue in the presence of ascorbate or insoluble PVP to prevent phenolmediated inactivation was without effect on the lack of ICL activity, as was desalting the extract with a column of Sephadex G-25. Grinding in the presence of phenylmethyl sulfonyl fluoride, a protease inhibitor, also had no effect. Finally, the addition of dry seed extract to a clarified homogenate prepared from germinated cotton seeds did not inhibit ICL activity in vitro. These results coupled with the studies of Ihle and Dure (6) and Choinski and Trelease (1) indicated that ICL is absent from developing, or mature quiescent cotton seeds, rather than inactivated during sample preparation, or inhibited as previously demonstrated in sunflower seedlings (13) .
DISCUSSION
It appears that the presence of MS activity in desiccated cotton seeds (approximately 20%1o of the peak activity attained during postgerminative growth) is the rule among oilseeds. The seeds examined in this survey included mono-and dicotyledons representing 11 families (Malvaceae, Cucurbitaceae, Cruciferae, Pedaliaceae, Compositae, Linaceae, Simmondsiaceae, Agavaceae, Leguminosae, Euphoribiaceae, and Gramineae). The extracts surveyed also represented a variety of storage tissues: cotyledons, endosperm, scutellum, and perisperm. Additionally, resting spores of the fern Onoclea sensibilis were examined for MS and ICL activity. These spores contain storage triglycerides which are mobilized during germination (15) . As with the oilseeds, the dry spores contained MS activity (1 unit/mg dry weight) but no ICL. This similarity in pattern lends further support to the universal occurrence of MS activity (without ICL) in desiccated oil storage tissues. Data have been published showing MS activity without ICL in dry seeds of sesame (7), wheat (3), castor bean (18) , and cotton (10). The extremely low MS activity in castor bean plus the common use of ICL as the glyoxylate cycle marker enzyme, probably contributed to these data being disregarded. subcellular localization within microbodies has not been demonstrated (they may be mitochondrial activities). MS activity develops just before desiccation (1), and could be involved in some process of seed maturation. It is unlikely that the enzyme is required for germination, because cotton embryos removed from the bolls prior to MS development (about 35 days after anthesis) its per mg of isolated scutella.
will germinate precociously on moist filter paper. Additionally, examination of aged cucumber seeds (C. sativus L., cv. Improved Long Green) which had less than 10%o germination revealed relatively high MS activity (47 units seed-; 1.29 units/mg dry weight).
Considering the high levels of dry seed MS in cotton, this seems
